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I. INTRODUCTION 
Quality control as a concept and working tool in 
modern industry takes many shapes and forms. It is one of 
the more recent management tools to be incorporated into the 
complex manufacturing organizations in present day industry. 
There are almost as many different working concepts and defi-
nitions of quality control as there are industrial organiza-
tions. When attempting to define quality control, its purposes 
and objectives, we can.find general agreement on its overall 
scope. w. A. MacCrehan defines quality as "a planned, continu-
ing effort to maintain product quality in manufacturing". 1 
A. v. Feigenbaum of General Electric Co., a noted authority 
in the field of quality control, goes a step further and de-
fines it, "as an effective system for coordinating the quality 
maintainance and quality improvement efforts of the various 
groups in an organization so as to enable production at the 
most economical levels which allow for full customer satis-
2 faction". These text definitions are generally carried over 
and incorporated in working company philosophies. The General 
Tire and Rubber Co. carries the following definition in its 
corporate manual for quality control: "Quality control is 
the act of assuring that outgoing product levels meet the 
established quality levels and of coordinating the activities 
of all departments in such a manner that established quality 
levels are maintained at the lowest possible cost" .3 This 
general concept of quality control, however, takes many 
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varying manifestations when translated into specific working 
tools for use in the day to day activities of each industrial 
concern. 
Need for Quality Control 
A company's success depends not only on service 
and price, but also on the level of quality of its products, 
Therefore, it is of extreme importance that each company 
define its quality control program to suit its own needs 
and desires, A prime objective of a company's quality con-
trol program should be to provide professional effort in 
meeting the objective of assured product quality at minimum 
quality costs. For While delivery and other factors may sell 
a product the first time, it is usually high quality which 
induces the customer to reorder. 
Management has the prime responsibility for the 
profitability of its business enterprise. It is in this 
area of profitability that quality control is becoming an 
overruling management concern, a fundamental part of manage-
ments• job of planning, organizing, directing, coordinating 
and controlling, No more can management view product quality 
as a secondary consideration subordinate to production costs, 
but must assign to it a position of equal status. 
Quality control as a distinct function in manu-
facturing came into being as a direct and logical result of 
the spread of mass-production techniques in industry, This 
had the effect for the first time in history of making things 
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uniform from day to day. It was possible for the consumer to 
buy a product that was, to all intents and purposes, consis-
tently good. The consuming public soon came to expect and de-
mand that consistency, Brand-name selling added its influence 
to the demand for products that did not vary appreciably from 
one unit to another, Thus, the need for controlled quality 
was born. Today practically every manufacturer establishes 
a quality standard for his product. The specifications are 
carefully drawn and manufacturing procedures are painstakingly 
established, Too frequently, however, the control of quality 
is lacking in its efficacy and especially so where the small 
shop with its meticulous craftsmen has been replaced by mass 
production methods and semi-skilled workers. Incentive wage 
plans, while reducing labor costs, have placed a new burden 
upon quality control. Therefore, we can appreciate that 
quality control is no longer merely an aid to management, 
but is now an imperative need for the future productivity 
and profitability of the business enterprise, It has been 
brought about by the rapidly accelerating pace of the world 
in which we live. Ours is an age in which there is an in-
creasing demand for better products, more economical products, 
truly interchangeable parts and in which almost anything is 
cheaper in industry than a customer's complaint and the pos-
sible loss of business therefrom. Therefore, the approach 
and method any company pursues in its program to translate 
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the general concepts of quality control into a working tool 
of management to insure the adequate control of its product 
quality will, in the final analysis determine its profita-
bility and continuance as an effective member of the indus-
trial community. Consequently, modern industry cannot weigh 
quality control lightly, but must endeavor to solve the many 
administrative problems coincident with establishing, inte-
grating and supervising the quality control function. 
Purpose of Thesis 
The purpose of this thesis is to investigate and 
analyze this most important concept of quality control with 
relation to specific administrative problems associated with 
the establishment of it as an effective management function. 
The general problems outlined will be applicable to all types 
of industry. However, each type of industry has product and 
processing problems peculiar to itself and these individual 
problems will demand specific and differing approaches to the 
control of its product quality. Although much has been 
written regarding the generally accepted principles of 
quality control, very little has been published in the area 
of their effective organization and application as a working 
management tool specifically in the average size rubber fab-
ricating plant. 
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The administrative problems associated with the 
quality control function to be discussed in this paper are as 
follows: one, functional responsibilities of quality control 
in the industrial process, two, internal organization of the 
quality control department and three, line responsibility of 
the quality control department in the overall plant organiza-
tion. 
Method of Approach 
In order to gain an understanding and appreciation 
of these problem areas in relation to the rubber fabrication 
industry, it is first necessary to provide the reader with a 
brief explanation of the nature of rubber and its fabrication. 
It will also be necessary to discuss briefly the general con-
ditions affecting the industry itself. Following these dis-
cussions, the administrative problem areas will be individ-
ually analyzed. The specific problems associated with each 
area will be outlined with references made, wherever possible, 
to existing company situations. These company references will 
be used to illustrate individual approaches to the solution of 
these problems. This will be followed by a general analysis 
and discussion of the problem areas and the alternate methods 
of solution with the writer's analysis of the most effective 
approach available. Finally the paper will close with a 
general discussion of future trends in the industry and the 
timing of management decisions relating to the quality control 
function. 
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II. RUBBER TECHNOLOGY 
Nature of Rubber Compounds 
Rubber compounding is the broad term used to de-
scribe the art of developing useful products from elastomeric 
materials of natural or synthetic origin. The end use of the 
final product will dictate the physical and chemical proper-
ties incorporated into it by the rubber compounder. To 
achieve the desired final properties of the rubber compound, 
a variety of chemical compositions must be added to the basic 
elastomer. These might include such ingredients as inert 
fillers like clay or carbon black for abrasion resistance and 
body, anti-oxidents, plasticizers for easy processing and 
hardness levels, vulcanizing agents, pigments, etc. The de-
velopment of the ingredient combination to produce the de-
sired final product is a function of research and development. 
Manufacturing quality control starts at the next or produc-
tion stage where the rubber compound is mixed and otherwise 
processed into the desired end product. 
Processing Steps 
There are five major steps in the processing of a 
rubber product from the raw material stage to the final form. 
As in the production of any product, each step leaves the 
semi-finished or in-process stage of the product in the de-
sired form to be processed further during each succeeding 
step. Consequently, in order to achieve the advantages of 
11 
a mass production, each step must leave the semi-processed 
product in a form consistently uniform from one cycle or 
processing period to the next. Therefore it is necessary 
to practice the control function at each stage in the pro-
cessing chain. 
The first processing step involves the compound-
ing or measuring out of the necessary chemical ingredients. 
To maintain a uniform product from day to day, these ingredi-
ents must be compounded precisely in the same quantity and 
quality each time. Any variation will result in a modifica-
tion of properties with the obvious result of producing pro-
ducts outside of the prescribed product specification. 
The second step in the rubber processing is the 
mixing stage. Here the chemical ingredients compounded in 
the prior step are physically combined with the basic 
elastomer to form a homogeneous and uniformly dispersed 
mass. In order to achieve a product of the desired prop-
erties, it is not only imperative that the proper ingredients 
and amounts are used, but also, that they are blended uni-
formly and in a prescribed sequence. This is important in 
that improper blending will result not only in questionable 
final properties, but also, in further processing problems 
of the semi-processed material. 
The third general processing step is the formation 
of the above material into the desired general physical shape. 
This shaping of the material into a general form may take 
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place by utilizing a number of different forming devices 
and procedures. The material may be calendered into sheets 
or continuous yard goods, it may be extruded or laminated 
into tubular form, it may be molded, or pressed into sheets 
or mats or a number of other similar types of formation. 
The fourth step is the vulcanization of the rubber. 
Here, usually under conditions of heat and pressure, the 
vulcanizing agents previously blended into the elastomer 
are reacted with the elastomer molecules to form a chemically 
integrated material possessing the physical properties de-
sired, such as hardness, oil resistance, abrasion resistance, 
texture, specific gravity, etc. Generally vulcanization takes 
place after the initial or forming stage. In some cases, how-
ever, such as in press molding the vulcanization step is 
carried out simultaneously with the forming step described 
above. Combining these two steps usually results in appre-
ciable cost savings. A noteworthy advance in this area has 
recently taken place in the rubber footwear industry. Normal-
ly the sole and upper part are molded separately and then 
bonded together with cement in a subsequent operation. A 
German innovation, however, called the Delma process molds 
the entire shoe at one time in a specially designed mold and 
process, thereby eliminating one costly step. Changes con-
tinually take place in rubber processing techniques that 
require modification of manufacturing and control approaches. 
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Once the rubber is vulcanized the final step or 
finishing stage takes place. This might include processes 
such as grinding, punch pressing, slicing, sanding, cutting 
or any other method of finishing into its marketable form. 
This final step also includes trademarking, inspecting and 
packing. 
This brief description of the processing steps 
generally found necessary in the production of a rubber 
product will give the reader some idea of the necessity 
for controlling product quality in each successive step 
and of the magnitude of the quality control job facing the 
management of a typical rubber fabricating plant. The next 
chapter will review some pertinent facts relating to the 
rubber fabricating industry. This will provide the reader 
with background information helpful to more fully appreciate 
the area and problems under consideration. 
III. RUBBER FABRICATING INDUSTRY 
Although rubber as a useful product and the 
general principles of rubber technology have been known 
and appreciated for over one hundred years,4 it is since 
World War II with the development of the synthetic rubber 
elastomer that rubber fabricating has grown into a large 
scale world wide industry. Therefore, it can be considered 
a relatively new industry and as. such is beset with the 
numerous technical and administrative problems associated 
with a young industry. The establishment of ade~uate quality 
control systems is one such problem area. 
Plant Size Analysis 
Throughout the United States today there are ap-
proximately 1300 companies engaged in fabricating products 
from rubber.5 Many are further specialized in that they 
produce only one or two particular items or use only one 
method of fabrication such as tire manufacturing or special-
ized mechanical molded parts. The majority of companies in 
the industry produce a wide and varied assortment of products 
using a number of different processing techniques within each 
plant. 
Of the 1300 operating companies in the industry al-
most 60% employ less than one hundred employees with ap-
6 proximately 40% of these employing less than fifty. These 
smaller companies can be classed as true specialty producers 
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and generally fabricate one or two items on a job lot basis. 
The problems of quality control in this type of concern are 
of a special nature. Here direct supervision of the indivi-
dual worker at all times is feasible and in many cases manage-
ment itself forms the first line of supervision. Normally, 
all of the processes necessary to produce the final product 
are performed by a single worker or at most by a small group 
of workers by job lot. In many cases the compounded rubber 
or master batches are purchased rather than prepared by the 
fabricator. In this size operation the control of quality 
can be performed "at the bench" and quality control as a 
separate and organized management responsibility loses its 
significance. Consequently, we will limit our study to those 
companies with one hundred and more employees. It is inter-
esting to note that of these companies only one percent employ 
over 1000 employees and these generally are the rubber tire 
manufacturers. 
Product Types 
Characteristically, the type of product produced 
in the industry consists of a wide assortment of low value 
per unit items. Examples might include: hose, drive belts, 
floor tile, roll coverings, footwear, wire covering, special 
mechanical molded parts, household products, gaskets, 
packings, etc. It is also significant to note that any 
single plant generally is engaged in the production of 
several of these typical items necessitating the use of 
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differing typea of raw materials and processes at the same 
time. The production of these types of products requires 
a great deal of manually controlled machinery and processes 
and does not readily lend itself to automated techniques. 
Consequently, product quality is directly tied in with the 
skill, attitudes and judgements of the workers. Under these 
industry conditions the imperativeness of adequate quality 
control is paramount. 
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IV, QUALITY CONTROL AS A GENERAL CONCEPT IN INDUSTRY 
In its broadest sense quality control can be 
visualized as encompassing almost every management decision 
at the plant level. For example: the hiring and placement 
of competent employees, the provisions for efficient plant 
and machine maintainance and adequate supplies of light, 
power and heat will all affect, in a real sense, the quality 
level of the product produced. However, their prime purpose 
is to provide services to implement the manufacturing function 
and only indirectly are they associated with the control of 
quality. Although we can appreciate the effects of these 
management decisions on product quality, it is our purpose 
here to investigate those decisions which are considered to 
affect directly product quality and are normally associated 
with the concept of quality control. 
Prior to investigating those management decisions 
or administrative problem areas involved with directly 
implementing a sound quality control function, let us first 
examine quality control as an overall concept and its purpose 
in industry. The quality control function is one of the 
latest elements of the manufacturing operation to be isolated 
and recognized by management. As such it can be considered 
to be in its infancy and is still not wholly understood, 
defined or mutually recognized in all its tenets. The 
major reason for this seemingly confused state of recognition 
is that, although quality control in its broad aspects applies 
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equally to all types of industry, its implementation as a 
management tool at the plant level can vary markedly with 
each industry and type of product produced. 
Quality control, in its broadest sense, is the 
process of preventing products below a desired standard 
from leaving the factory. Modern quality control is the 
technique of following the trend and extent of deviation of 
a product or its parts from accepted standards during manu-
facturing, thus permitting corrections to be made before 
quality drops below desired limits. 7 Quality control must 
start with the design of the product where the quality level 
required must be built into the design with the thought of 
meeting three criteria: performance of intended function, 
customer satisfaction and competitive costs.8 Further, 
this concept of building quality into product design must 
carry over into the manufacturing area. A product designed 
to meet these criteria, but without regard to the ability 
of manufacturing to produce a product that will consistently 
yield the desired quality level is valueless. Consequently, 
applied research people must not only be aware of and in 
sympathy with the manufacturing function's problems and 
needs, but must also have a good working knowledge of pro-
duction equipment, capabilities and processes. 
Once manufacturing receives from research and 
development an acceptable new or improved product, it faces 
the administrative problems of implementing a suitable 
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quality control program to achieve the quality level built 
into the product. In the field of quality control the word, 
quality, is used interchangeably with the word, uniformity. 
Good quality products can then be considered as those which 
consistently meet the requirements of a standard or specifi-
cation. Therefore, the objective of any quality control 
system is to attain uniformity in products or product com-
ponents. To attain this end, quality control cannot be an 
isolated function, but must involve close cooperation between 
engineering and design, production, inspection, the man on 
the job and the formal quality control department. 
There are three essential stages in successful 
industry manufacturing activities.9 First, planning or 
engineering which determines in considerable detail what is 
to be made and how it is to be made before work is begun. 
Second, production or the economical application of suitable 
manufacturing processes whose output is controllable to 
uniform standards of quality. And thir~, inspection which 
compares the work produced with the predetermined standards 
of quality and the filtering of unsatisfactory work out of 
the line of flow of work in process. To provide these three 
stages with adequate control of product there are three 
fundamental steps in organiaing for quality control. The 
first is to determine the different functions to be covered 
by quality control. The second is to hire competent personnel 
around whom an efficient quality control organization can be 
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built. And the third is to assign management authority and 
status to the quality control function in the total plant 
organization. 
Management's problem of establishing an effective 
quality control function at the plant level must of necessity 
begin with a clear definition of what it expects to gain from 
quality control and what specific functions should be assigned 
to the quality control organization in the manufacturing 
plant. In general, management can expect the following 
advantages from an effectively organized quality control 
10 function: 
1. Better control of quality 
2. Less destruction of product due to decreased 
inspection 
3· Early detection of adverse quality trends 
4. Improvement of machinery and processes 
5. Closer tolerances through better knowledge 
of process capabilities. 
6. Earlier quality information to production 
supervisors 
7. Sharp reduction in inspection costs b1 
shifting emphasis from inspection to pre-
vention. 
In order to achieve these general advantages from 
quality control, management must first define the area of 
responsibility of the quality control function. Let us look 
at the decisions confronting management when it has to de-
termine the scope of responsibility to be assigned to the 
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quality control function. Should it include all factory 
test and inspection, or should it consist merely of some 
type of monitoring or audit operation? Should it encompass 
the responsibility for the design of specifications or 
merely the assurance that production processing is in 
conformance with their tolerances? Should it concern it-
self with process capability or merely with in-process 
inspection? These and many other questions must be answered 
before any thoughts can be given to the form of organization 
or the place in the plant organization that the quality 
control function should take. 
In planning its quality control program a company 
must determine the specific quality requirements of the end 
product concerned. If the company makes paper clips its 
quality control setup will be a simple one, if on the other 
hand it makes precision instruments its quality control set-
up would of necessity be elaborate. The fabrication of rubber 
products, although not in a class with precision instruments, 
is, nevertheless, a precise operation in that dimensional 
and physical properties can vary widely as a result of small 
deviations in any of the many processing steps involved. 
Thus, the nature and cost of the end product will determine 
the extent of the quality control function. 
Before continuing with our investigation of depart-
mental responsibilities we must answer the question: "Who 
is responsible for quality?" One is at first inclined to 
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say simply that the quality responsibility lies with the 
quality control department. However, not all of the re-
sponsibility is in the quality control department for quality 
control cannot change specification tolerances or purchase 
raw materials or manufacture the product. True quality 
control must start with the design of the product and end only 
when the product has been sold to a customer who remains 
satisfied. In other words, the determination of quality 
1r 
actually takes place throughout the entire industrial cycle. 
The scope of the quality control program is such that it be-
comes readily apparent that quality control is not the pri-
vate domain of any one department or person, but is every-
body's job. The combined efforts and cooperation of every 
department in the plant are required. Because of the large 
number of departments involved and the large number of. 
things that have to be right to achieve product quality, 
it becomes apparent also that there must be a coordinating 
person or group and in most industries this coordinating 
function has been assigned to the modern quality control 
department. Each aspect of quality control can best be 
handled by the department organized for it. For example, 
raw material inspection in a rubber fabricating plant can 
best be carried out by the plant laboratory due to the chemi-
cal nature of the materials involved; production supervision 
can best concentrate on the building of quality during manu-
facturing; and quality control can best implement the 
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function of quality audit. Therefore, the real function 
of the modern quality control department is to coordinate 
and assist the quality efforts of the various operating 
groups and departments. 
V. FUNCTIONAL RESPONSffiiLITIES OF QUALITY CONTROL 
IN RUBBER FABRICATING INDUSTRY 
Let us now examine the individual quality control 
functions necessary to control effectively product quality 
throughout the manufacturing plant and where they best fit 
in the rubber fabricating process. The required control 





Order Control - The assurance that the incoming 
order clearly states the product quality require-
ments and that those requirements are compatible 
with the process capabilities of the plant. The 
assurance that accurate and definitive specifica-
tions are drawn up and that there has been sufficient 
experimental testing to prove that the specification 
will meet product quality requirements prior to the 
introduction of the specification into manufacturing. 
Raw Material Control - The assurance that adequate 
raw material specifications are available and that 
materials are not accepted for use that do not meet 
these specifications at the established quality 
levels. 
Plant Ca~bility Control - The assurance of the 
establis ent of adequate process specifications 
and control procedures based upon statistically 
sound plant capability studies resulting in products 
that meet quality requirements at the lowest possible 
cost. 
In-Process Control - The assurance that machines, 
processes and workers are producing material within 
tolerance ranges pre-determined by adequate capability 
studies and the institution of the necessary action 
to re-establish control over "out of control" equip-
ment or processes. 
Outgoin~ Product Control - The final inspection 
and tes lng of a product to ascertain that only 
products meeting established quality levels are 
shipped to customers. 
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6. Information Control - The analysis of quality control 
data and the proper and prompt dissemination of 
quality information to management for corrective 
action where necessary. J 
7• Field Control -The analysis of field performance 
reports and customer complaints. 
Order Control 
The receipt of an order from the sales department 
is the normal starting point for the manufacturing processes 
necessary to fabricate the desired product. However, in the 
rubber fabricating industry as in many other types of industry 
we must differentiate between two types of orders. One is 
the order for standard material. Standard in the sense 
that the part or product ordered will be fabricated from 
one of a line of existing rubber formulations whose finished 
properties will meet the requirements of the customer. The 
second is the order for non-standard material or that which 
will have to be fabricated from a newly devised rubber 
compound designed to meet the particular property require-
menta of the customer. In the latter case the customer 
requirements are submitted to the research and development 
organization of the company for the design or compounding of 
the required formula. Quality control must literally start 
at this point, although it is apparent that the quality 
control department, as such, will not enter the program at 
this point. Therefore, the aims of the research compounder 
should be two-fold; one, to secure in the product a combina-
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tion of properties which will most completely satisfy the 
demands of service; and two, to provide such properties as 
will guarantee quality and economical processing in the 
13 factory. It follows then that all materials used in 
developing a rubber compound must be considered with regard 
to their effect in accomplishing both aims, and the compounder 
should be familiar not only with the attributes of compounding 
materials, but also with the factory processes used in the 
manufacture of his product. 
The second stage of research and development, 
termed factory development, is the first stage in new product 
development where quality control as an operating plant 
department becomes involved with the product. At this point 
the development staff in the plant conducts the necessary plant 
scale tests and evaluations and the acceptability or non-
acceptability of the new compound is determined. It is at 
this stage that the first decision must be made as to the 
responsibility of the quality control department in new pro-
duct design. Management must decide whether the quality con-
trol department should enter into the decision as to the ac-
ceptability of a new compound or should enter the picture 
only when and if the product is finally accepted for produc-
tion. Although most management people would probably give 
lip service to the concept that the quality control department 
should enter as an integral part of the factory development 
phase, in actual practice this may not be the case. For 
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instance, in the Armstrong Cork Company4• the normal practice 
in the introduction of a new product or compound is for the 
testing and evaluation to be done by the development section 
with quality control supplying merely the final inspection 
and gauging services. Quality control does not attempt 
to analyze test data or other pertinent evaluations. This 
function is carried on by the development section. In con-
trast to this practice, the General Tire and Rubber Company{* 
incorporates its quality control department into the develop-
ment function. In this company the quality control depart-
ment evaluates the new product or compound before it is 
accepted for production by statistical analysis of the 
test data accumulated by the development personnel to 
determine its conformance with product quality requirements. 
It also checks process specifications as set up by the 
technical personnel through test run data evaluation and 
compares the resultant test run production with the estab-
lished specifications for quality. 
It would appear that the General Tire and Rubber 
*Armstrong Cork Company, South Br~intree, Massachusetts 
plant. Producer of rubber flooring, extruded goods, gaskets 
and packings and other miscellaneous rubber fabricated 
products. In future parts of thesis to be referred to 
as the Armstrong Cork Company. 
**General Tire and Rubber Company, Akron, Ohio. Producer 
of tires, tubes, molded and extruded products. Information 
by courtesy of Mr. David Ross, Quality Control Engineer. 
In future parts of this thesis to be referred to as the 
General Tire and Rubber Company. 
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Company has a more fully integrated system in this respect 
than does the Armstrong Cork Company. Typically, technical 
people in the rubber fabricating industry are mainly inter-
ested during factory trial tests in the overall ability to 
process the new compound and less so in the ability of the 
stock to meet specifications of physical properties and 
other quality standards over the long run. Therefore, the 
introduction of a separate quality control engineer, who 
will concern himself with setting up sound statistical test-
ing and evaluation plans for the development test series and 
with the analysis of the test data in relation to required 
specifications and quality levels, will tend to supply the 
needed balance for adequate evaluation of the material. 
The second type of order control concerns the 
evaluation of incoming customer orders for compounds already 
in the company line. In this case the order must be evalu-
ated for conformity to compound specification limits of 
physical and other properties, size relationships in refer-
ence to compound and process capabilities and other per-
tinent items. Here again management must determine what, 
if any responsibility quality control as a department, 
should have in relation to this very important quality 
control function. Let us again look at the comparative 
practices in this area followed by the Armstrong Cork Com-
pany and the General Tire and Rubber Company. 
In the Armstrong system the order is received from 
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one of the sales offices by the production planning department. 
This department is responsible for processing the necessary 
paper work, scheduling production, expediting and inventory 
control. The initial step upon receipt of an order is to 
determine whether the product can be supplied from semi-
finished or finished inventories or whether it must be 
manufactured from basic raw material or unprocessed mixed 
stock inventories. In the former case the necessary finish-
ing and/or shipping instructions are issued by production 
planning and the order is completed after passing through 
final inspection, if necessary, and shipped. In the latter 
case, however, work specifications must be issued to cover 
the production processes and material requirements needed 
to fabricate the product. In the Armstrong setup this 
function of drawing up and issuing the proper production 
specifications is the responsibility of the development and 
control laboratory. It is also the responsibility of this 
department to analyze the incoming order in relation to 
product quality requirements, physical property limitations, 
stock, machine and process capabilities and any other area 
necessary to effectively draw up the work specifications 
and instructions. Consequently, the quality control depart-
ment, as such, does not enter into the responsibility for this 
important control function. 
The General Tire and Rubber Company, on the other 
hand, assigns specific functional responsibility to its 
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quality control department in the case of orders for existing 
compounds as well as in the case of orders for new compounds. 
In their setup, when sales receives the order specification 
from the customer, quality control engineering must check the 
requirements for clarity, completeness and compatibility 
with established process capabilities of the plant. Their 
responsibility does not stop here, however; after approving 
the customer's specification, it is turned over to the design 
or specification section (part of the technical department 
of the plant) which sets up the necessary drawing and/or 
work specifications. These in turn are again submitted to 
quality control engineering which must check the design and 
specifications to determine their conformance with product 
quality requirements prior to submittal to manufacturing. 
In both company illustrations the responsibility 
of drawing up work specifications and process instructions 
is delegated to the technical function in the plant. This 
is readily justified in the rubber fabricating process since 
this function can best be handled by people possessing a 
technical familiarity with the properties and characteristics 
of the chemical nature of rubber. Also, in order to draw 
up a useful work specification a working knowledge of factory 
capabilities as well as compound characteristics are necessary. 
In both companies the technical personnel writing work 
specifications must of necessity possess a working knowledge 
of factory capabilities. However, it is also evident that 
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the laboratory personnel, interested mainly in the technical 
aspects of the rubber compound and those processing areas 
necessary to compound and blend the ingredients into the 
basic rubber mixture, are not the most competent people 
from a psychological and job content viewpoint to set up, 
carry out and be thoroughly familiar with all aspects of 
factory capability studies. Therefore, the area of order 
control associated with the review of customer specifications 
in terms of factory capabilities and quality requirements 
should properly be delegated to a function separate from 
the specification section and what department is better 
qualified to perform this responsibility than quality 
control engineering? At Armstrong Cork Company, since 
quality control is not given this responsibility, it must 
by necessity be delegated to the technical function. It 
is, therefore, necessary for the technical department to 
wear, in a sense, two hats; it must not only draw up the 
specifications, but must also evaluate its own work in 
relation to the area of plant capabilities, which it is 
not effectively set up to perform. Contrast this with 
the General Tire and Rubber Company's setup where adequate 
capability evaluation is performed by a separate department. 
I think it is clear that a quality control depart-
ment should have a definite responsibility in the area of 
order control. Its responsibility in this area should not 
involve processing orders or drawing up work specifications; 
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these functions can best be handled by other departments. 
It should be quality control's responsibility, however, to 
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act as an objective reviewing station where each customer order 
for non-standard items can be analyzed and evaluated from 
plant capability and quality level requirement viewpoints. 
To do this effectively, the responsibility must be separate 
from both the technical function and the production and planning 
functions. The quality control department or specifically, 
quality control engineering, is best geared to perform this 
necessary quality function. In summary, the quality control 
department can best serve the plant in the area of order 
control by analyzing and evaluating the customer's quality 
requirements and determining the acceptability of these 
requirements in terms of plant capability.14 
Raw Material Control 
One of the major requirements in achieving the 
desired end result in any chemical reaction is the uniformity 
and stability from batch to batch of the chemical ingredients. 
Finished rubber products, being combinations of chemical 
compounds, depend upon the quality of their raw materials to 
maintain consistent quality level requirements. Therefore, 
it is extremely important in the rubber fabricating industry 
that control of raw materials be an integral part of any 
quality control program. A typical rubber plant producing 
a variety of finished compounds and products will use over one 
hundred different elastomers and rubber chemicals. Each of 
these must meet consistent specification tolerances from 
lot to lot if adequate quality levels are to be maintained 
in the finished products. Therefore, to assure these quality 
levels some program of raw material inspection and control 
must be devised. Management's problem then becomes two-
fold: First, whst system of raw material control should 
be set up, and second, what responsibility, if any, should 
the quality control department have in this system? 
As noted, in the rubber fabricating industry the 
basic raw materials are mainly chemical compounds. These 
raw materials are normally purchased in bulk lot from 
vendors. They comprise either standard materials produced 
by the supplier or specialty items produced to customer 
specifications. In either case the raw materials are pro-
duced and purchased against a standard purchase specifica-
tion drawn up or accepted by the rubber fabricator. Each 
supplier is expected to maintain the required quality levels 
of the materials he sells, but it is the exceptional user who 
will depend solely upon this implied guarantee. Non-
conformity to the purchase specification by a vendor could 
be very costly for the rubber fabricator if he makes no 
effort to check his incoming materials and allows unaccept-
able chemicals to be used. The damage resulting from this 
will not justify any savings in raw material inspection 
costs. Not only can final stock properties be jeopardized, 
but the normal practice of bin loading chemicals in the 
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industry could result in the contamination of a considerable 
amount of raw material already on hand in the plant. 
In order to check adequately a chemical compound 
to determine its adherence to existing specifications, some 
type of chemical analysis must be performed in accordance 
with standard analysis test procedures. Thus, to check each 
and every raw material received by a rubber fabricator would 
be a prohibitively costly endeavor. Fortunately for the 
modern rubber fabricating plant it has been found unnecessary 
to analyze many of the incoming lots of raw materials. This 
is true because a large number of the chemicals used are of 
a type that their properties can be effectively controlled 
by the supplier from lot to lot and have been found through 
experience by the user to be stable enough to eliminate 
testing except in cases where individual shipments are 
suspected. However, there still remain a significant number 
of raw materials which must be checked prior to acceptance. 
Due to the chemical nature of the raw materials 
it is generally agreed in the industry that the technical 
department or plant laboratory should be responsible for 
performing raw material inspection and control. In a survey 
made by the writer of twenty rubber fabricators it was shown 
that in all except one of the cases raw material inspection 
was carried on by and was the specific responsibility of 
the plant laboratory. Where then can or should quality 
control as a department implement this control function? 
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Before attempting to answer this question, let us again look 
at a few existing company practices. 
The Armstrong Cork Company, and other companies 
in the industry accept raw material checks and controls as 
a necessary quality control function to be performed by the 
plant laboratory. All testing methods, sampling plans, 
purchase specifications and vendor evaluations are devised 
and carried out by the laboratory. The quality control 
department in this case has no responsibility for test and 
evaluation in any form related to raw material control. 
No effort is made by the quality control department to set up 
sampling plans or analyze and review the test data develop-
ed by the laboratory. This functional responsibility is 
retained by the laboratory director and his staff who are 
felt to be most qualified by education and experience to 
perform this fUnction. Similarly, the Pawling Rubber 
Corporation* retains responsibility for all phases of raw 
material control in its plant laboratory. Their quality 
control department feels that, based on extensive checks 
by their laboratory which found that the quality level of 
raw materials is consistently high, it would not be of any 
advantage to them to set up test procedures based on 
*Pawling Rubber Corporation, Pawling, New York. Producers 
of rubber and vinyl extrusions, rubber household products 
and footwear accessories. Information by courtesy of 
Mr. B. A. Bedics, Manager of Quality Control. Future 
references to this company will be to the Pawling Rubber 
Corporation. 
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statistical analysis and procedure. 
In contrast to these two company practices let 
us again look at the procedures of the General Tire and 
Rubber Company. In this company the quality control depart-
ment is the dominant department in the raw material control 
function. Quality control is responsible for vendor certifi-
cation, setting up inspection and test procedures, carrying 
out the inspection and testing of raw materials, analysis of 
inspection and test results and acceptance or rejection of 
materials. They also maintain approval rights over material 
specifications designed by the technical department and over 
vendor selection by the purchasing department, Their labora-
tory does the initial work necessary to approve the raw 
materials, but then turns the responsibility for test and 
control of the materials to the quality control department, 
These opposing approaches to the relationship of 
the quality control department's responsibility in raw 
material control point out the vast gulf between the opinions 
of different plant managements concerning the contribution 
that department can make in this area. There appear to be 
definite advantages to be gained with either system, However, 
it is apparent that some major disadvantages are inherent 
in both opposing views. Where the quality control depart-
ment is excluded altogether from having responsibility in 
raw material control, the basic tools of statistical analysis 
are lost with all their accompanying advantages. This 
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assumes, of course, that any particular quality control 
department is staffed with personnel competent to administer 
-
the techniques of statistical quality control. Unless sound 
testing methods and sampling plans are utilized, the mere 
performance of material testing can be of no avail. It is 
equally important that the test samples adequately represent 
the lot of material to be tested and that the results obtained 
are properly analyzed. It is in this area that the quality 
control engineer can be of immeasurable value in raw material 
control. Similarly, when the quality control department 
performs all of the functions of raw material control down 
to the actual testing of the material, the technical knowledge 
and experience of the laboratory personnel tends to be removed 
from the scene far enough to lose its beneficial contribution. 
In many cases the analysis, by a trained laboratory chemist, 
of test data will point out important effects and relation-
ships not apparent to the quality control engineer who may 
be only trained to evaluate the data in relation to tolerance 
li~its and statistical validity. 
Therefore, it becomes apparent that a compromise 
position between the two extreme systems will carry the most 
advantages to the raw material control function. The labora-
tory should maintain prime responsibility for raw material 
evaluation. Quality control on the other hand should design 
sampling plans for the laboratory and analyze data along with 
laboratory personnel based on sound statistical procedures. 
By combining their efforts, each according to its own 
specialty, the job of raw material control can be effectively 
carried out. In summation, we can say that the quality 
control department can and should play an important part 
in the area of raw material control and its responsibilities 
here can be broken down into three basic categories: 15 
1. Determination of and establishing statistical 
sampling plans for disposition of incoming 
materials. 
2. Survey of vendors to determine their quality 
assurance factor so that acceptable quality 
will be delivered. 
3• Set up vendor quality rating and certification 
programs. 
Plant Capability Control 
In order to establish adequate process specifica-
tions and control procedures it is essential that sufficient 
studies be carried out to determine the capabilities of 
various plant processes and equipment and also the limiting 
factors due to stock and human elements Each individual 
rubber stock will process somewhat differently on a given 
machine and similarly any machine may process the various 
rubber compounds differently. The manufacturing processes, 
including such variables as materials, machines, instruments 
and workers necessary to produce a given product, have 
limitations as to the quality level that can be maintained 
over a period of time. Therefore, in order to determine 
production capabilities, realistic quality levels, accurate 
cost data, and the like, it is essential that sufficient 
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studies be made through the evaluation of actual controlled 
production results to determine the limiting factors surround-
ing each stock, machine and overall process. Unless these 
data are available and accurate, functions such as order 
control, scrap analysis, cost analysis and the like are 
impossible. Although it is readily recognized that plant 
capability studies are necessary, the problem facing manage-
ment is to determine the allocation of this responsibility. 
Obviously no one individual or group in the normal plant 
organization has the overall capacity to alone make and 
evaluate this type of study. Due to the great number of 
differing stocks, machines and processes found in a modern 
rubber fabricating plant it must be a group endeavor with 
the quality control department doing its share. Manage-
ment's problem is to determine the scope of this function 
and to define the quality control department's role in it. 
Each company will determine, depending upon its 
products and the degree of perfectability demanded by its 
customers, the scope of its quality control program in re-
lation to plant capability control. Essentially however, 
all such programs must cetermine if a process or machine 
will hold a required tolerance, how much variation can be 
predicted under current conditions and what measures, if 
any, can be taken to eliminate the assignable causes that 
create rejects. Sufficient samplings must be taken to es-
tablish working tolerances of the process or machine. 16 
At the Armstrong Cork Company the delegation of 
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responsibility for process capability studies is not clearly 
defined. It is carried on piecemeal by the quality control 
department, the plant laboratory, the production departments 
and the industrial engineering department. Very little 
coordination takes place in this control area. There is 
no one department or function with coordinating responsibility 
for capability control studies. The information gathered 
by each group separately is not funneled to a control point 
where it can be available to the others, consequently, its 
usefulness is questionable. For example, process capability 
data held by industrial engineering alone is useless as far 
as the laboratory is concerned when it is developing a work 
or process specification. 
In contrast to this approach of non-centralized 
responsibility, the B. F. Goodrich Footwear and Flooring 
Company* invests the coordinating responsibility for capability 
studies in its quality control engineer. It is his responsi-
bility to devise and set up statistical test patterns for 
capability studies. He coordinates and directs the efforts 
of the needed personnel from other departments such as 
industrial engineering and production, who actually conduct 
the tests and collect the data. Finally he analyzes and 
*B• F. Goodrich Footwear and Flooring Company, Watertown, Mass. 
Producers of rubber footwear and rubber flooring. Information 
by courtesy of Mr. w. A. Donovan, Senior Quality Control Engi-
neer. Future references to this company will be to the 
B. F. Goodrich Company. 
evaluates the results to determine the capabilities of the 
particular machine or process. Thus, although the capability 
studies are in a sense a group effort, there is adequate 
direction and coordination given to this effort, thereby 
insuring adequate and non-duplicating effort with centralized 
data accumulation and satisfactory information dissemination. 
A third approach to plant capability control is 
taken by the Pawling Rubber Company. At this company the 
basic responsibility for plant capability studies is held by 
the industrial engineering department with the laboratory 
and quality control departments providing staff assistance. 
This company feels that, since capability studies are in 
essence an analysis of machine and human output, the function 
properly lies vested in the industrial engineering department. 
The above cases are given to illustrate the lack 
of uniform thinking on the part of companies in the rubber 
fabricating industry in relation to the placement of responsi-
bility in the plant organization for the plant capability 
control function. It is a relatively easy matter to define 
the area of responsibility encompassed by plant capability 
control. Assigning it all or in part to the various plant 
departments, on the other hand, is not a simple matter. 
In order to set up, conduct and evaluate plant capability 
studies in a rubber fabricating plant a thorough working 
knowledge is needed of stock processing characteristics, 
machine characteristics, processing procedures, statistical 
analysis techniques, etc. It is readily seen that this 
type of knowledge and information must be drawn from a number 
of departments: the plant laboratory for stock characteristics, 
industrial engineering for processing procedures, quality 
control for statistical methods, mechanical engineering for 
machine characteristics and production for the human factor. 
It is also readily apparent that bringing together this 
array of talent in varying combinations, depending upon the 
particular process under study, can only be effectively 
accomplished if the coordinating responsibility is given to 
one department, this coordinating department being quality 
control. 
To justify the assignment of this coordinating 
responsibility to the quality control department we need 
merely to look at the purpose of plant capability control. 
The purpose of the capability study is to determine and assign 
limiting quality factors to each machine and process used in 
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the plant in order to determine what product specifications 
should be accepted for production and when any machine or 
process is producing unsatisfactory material beyond the 
established capability limits. This, therefore, is a true 
aspect of the attempt to control quality levels and consequently, 
the coordinating responsibility should lie with the depart-
ment whose basic responsibility is quality control. Another 
justification for this stand can be arrived at by analyzing 
the steps necessary to carry out a capability study. The 
first step after determining which machine or process is to 
be studied is to set up the test pattern. The test pattern 
would include the determination of the size of the run to be 
conducted, the number and pattern of samples to be ta~en, 
the manner and technique in which measurements will be 
taken, the visual standards to be applied and the necessary 
inspection tools and equipment needed. This first step will 
clearly be the responsibility of the quality control engi-
neer who is versed in the techniques of statistical analysis. 
The following step encompassing the actual running of the 
test and the compilation of the data will generally be 
handled by the other departments outlined above. The final 
step of organizing the data, drawing the necessary charts 
and diagrams and analyzing the data again falls to the 
quality control engineer with the assistance of the other 
contributing departments. Therefore, it would appear logical 
that since quality control must initiate s.nd conclude the 
investigative steps, it as a department would be best suited 
to assume this centralized, coordinated responsibility for plant 
capability control. 
In-Process Control 
In-process control is in effect in-process inspection. 
There is only one way to determine, outside of waiting until 
final inspection, whether a machine, process or worker is 
producing satisfactory material within established quality 
limits and that is to check by inspection the in-process 
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material being produced. To be most effective this checking 
must be done as soon as practical after completion of the 
process or in any case prior to the loss of material identi-
fication or its use in further processing steps. In other 
words, in-process control must accomplish three purposes. 
First, and foremost, it must prevent the passage of unaccept-
able material to the next department for further processing. 
Secondly, it must assign back to the machine, process and 
operator the individual responsibility for unacceptable 
material; and thirdly, it must institute corrective action 
appraisals and evaluations. The benefits that can be derived 
from in-process control will not be confined entirely to 
preventing defects, but are far-reaching, including all who 
are involved in manufacture, both workmen and executives. 
Adequate in-process inspection increases production because 
the workmen produce more and better goods when they know 
the quality is controlled, and the executive ceases to worry 
about losses from defective goods and devotes more attention 
to other problems. Likewise, the definite knowledge and 
control of quality secured by first class in-process inspection 
not only creates confidence in the management and workers, but 
possesses the advantage of enabling the manager to more 
definitely forecast the results to be accomplished by his 
organization.17 
In the rubber processing industry in-process control 
can be separated into two categories. One is the verifi-
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cation that the rubber material will meet physical property 
limits required during its processing through the plant and 
two, the verification of dimensional acceptance according to 
specification at various points in the product's processing 
stages. 
The first physical property check will normally 
be made immediately following the mixing phase. This is 
necessary to determine whether the proper ingredients were 
blended in a satisfactory manner to result in a rubber batch 
with acceptable physical properties. This involves the 
vulcanizing and testing of sample material from the mixed 
lots. In the rubber fabricating industry this phase of in-
process control is carried out by the plant laboratory. 
Another physical property check is usually made after the 
order or lot of material is formed and vulcanized to insure 
that the proper rubber stock was used and processed according 
to specification. Here again this responsibility lies with 
the plant laboratory. 
The second category involving dimensional acceptance 
and the adherence to process specifications can be carried 
on by any one of a number of departments including the labora-
tory, quality control, production or industrial engineering. 
However, in the rubber fabricating industry the responsibility 
generally falls to the production or quality control depart-
ments. 
At the Armstrong Cork Company in-process inspectors 
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are assigned to the various semi-process departments by the 
quality control department. In this case their responsi-
bilities encompass merely the dimensional and visual in-
spection of in-process material and reporting the results 
to quality control and production department foremen, They 
make no effort to analyze results or recommend appropriate 
corrective action. However, it can be noted that the 
inadequacies of this "inspection only" type of in-process 
control have been recognized in this company and a system 
of in-process control not only to inspect, but also to 
analyze the in-process material is being currently installed. 
Conversely, st the B, F. Goodrich Company in-
process inspection is conducted entirely by the production 
department. The quality control department does in-process 
inspection only when a product or process is considered to 
be out of control or when some basic change is made in the 
product or process procedure, This, however, is continued 
only as long as it takes to re-establish control, At that 
time production again resumes the function. It is this 
company's feeling that each production department should 
be wholly responsible for the quality of its work and 
the product that it passes along to the next processing 
department, Therefore, the function of inspecting their 
in-process goods legitimately is a responsibility of each 
production department. 
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The Dayton Rubber Company* follows a similar 
philosophy in that production is responsible for sending 
a quality product out of its departments and, therefore, 
should be responsible for its own in-process checks and 
control. Their quality control department merely makes a 
cursory inspection of in-process material from time to 
time for appearance' sake. 
At first glance it would appear that the assign-
ment of the responsibility for carrying out the function 
of in-process control to the rroduction department would 
present certain major disadvantages. In one sense it means 
that the same department will not only be responsible for 
producing the product, but also for approving its own 
proficiency. This double duty carries an inherent danger 
in that borderline cases might be expected to pass produc-
tion1 s inspection, since a production department is generally 
judged more on quantity produced rather than quality produced. 
Another disadvantage may lie in the tendency for fraternal 
relationships to exist among workers in the same department. 
The in-process inspector, as a member of the same department, 
might be reluctant to reject poor work and prone to over-
look unacceptable performances by fellow workers. 
i~The Dayton Rubber Company, Waynesville, North Carolina plant. 
Producers of rubber textile machinery accessories, sponge 
products, automotive hose and V-belts. Information, courtesy 
of Mr. H. E. Chase, Manager Quality Control Department. 
Future references to this company will be to Dayton Rubber 
Company. 
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However, the philosophy that the production depart-
ment, being responsible for its own quality level, should 
also be responsible for its own in-process control is an 
attractive one. The major disadvantages outlined above do 
not present insurmountable barriers to the adoption of this 
approach to in-process control, Both disadvantages can be 
minimized or even eliminated with proper organization, The 
latter disadvantage can be overcome by selective hiring or 
placement of the individual inspectors. People must be 
chosen who are not only familiar with the equipment and 
processes, but who also show a management frame of mind in 
their approach to quality maintainance. These inspectors 
should be salaried employees and not members of any union 
organized group, This will give them the immunity from 
union pressures necessary to carry out their responsibilities. 
The first disadvantage can also be reduced or eliminated by 
having an independent quality audit on material leaving 
each production department. This audit should take the form 
of a sampling inspection of outgoing material from the de-
partment and would be the responsibility of the quality 
control department. This audit would serve two useful 
purposes. First, it would serve as a brake or control on 
the quality of in-process inspection being performed by 
the production department. This audit need only be a small 
sampling check since its psychological value alone would 
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be sufficient in most cases to keep quality levels high. 
Second, by insuring a high level of quality in the material 
leaving a processing department it reduces the need for the 
next processing department to check its incoming material to 
insure that it is satisfactory for further processing. Not 
only would this then reduce inspection costs, but it would 
also reduce temporary storage time and expedite production 
schedules. 
By placing the burden of responsibility for in-
process control with the production function and leaving 
to the quality control department a sampling audit control, 
we have placed the basic responsibility for this control 
function where it belongs and at the same time established 
an independent review of production's performance in this 
area. The quality control department, however, cannot be 
eliminated from in-process control at the bench. Quality 
control engineering must provide the production department 
with the necessary sampling plans and statistical tools to 
enable it to effectively carry out its control function. 
Quality control engineering must also maintain responsibility 
for reviewing the data accumulated by production in the form 
of process control charts, etc. It must analyze this data 
in relation to its process capability studies, maintain 
historical records and disseminate its findings to the 
proper departments for needed action. 
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Outgoing Product Control 
Quality control is a technique of management for 
achieving quality, whereas final inspection is a part of that 
technique. Any quality control program relies on inspection 
together with the reporting, collecting, sorting and analyzing 
of inspection results to indicate wherein a lack of quality 
18 
control exists. Inspection, to be sure, is only a part 
of the control of quality, but it is an essential part. For 
quality can be controlled properly only through a factory 
inspection service adequately organized and applied with an 
appreciative understanding of the philosophy behind it.19 
The major purpose of final inspection is to assure that the 
standards for the finished product are met. Final inspection 
and testing can provide assistance to production by providing 
as much as possible on-the-spot shop floor analysis of defects 
and by feeding back facts about these defects for corrective 
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analysis and action elsewhere. 
The assurance that outgoing products meet specifica-
tion tolerances in every respect is the responsibility of 
the final inspection function. In the rubber fabricating 
industry the final inspection function is delegated eitber 
to the production or quality control departments. In the 
rubber fabricating industry we must again differentiate 
between testing for physical properties and inspection for 
dimensional and visual properties. Characteristically, due to 
the nature of rubber, in this industry physical property 
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testing is the responsibility of the plant laboratory. 
However, the evaluation of the test data and its adherence 
to specification limits will remain within the basic res-
ponsibility for the overall quality evaluation made by the 
inspection function. 
Our problem at this point is to determine where 
the responsibility for final inspection lies. Should it fall 
within the jurisdiction of the production department, which 
has the overall responsibility for producing a quality 
product, or should it be delegated to the quality control 
department, which has the responsibility of insuring that 
only quality products are shipped to the customer? Let us 
first look at some examples of practices being used in sample 
company cases. 
At the Armstrong Cork Company all final inspection 
is the responsibility of the quality control department. The 
quality control department in conjunction with the sales 
organization sets up inspection standards for visual and 
dimensional control and administers the final inspection 
function. In most cases this final inspection is a combina-
tion sort and pack operation. In most cases sampling plans 
are used for dimensional inspection while 100% visual inspection 
is utilized. In no case is any type of finishing operation 
done on the final inspection lines. This system appears to 
operate satisfactorily, but lacks one important aspect. In 
order to determine the efficiency of an inspecting system 
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some type of quality audit is necessary, The mere fact that 
customer complaints are kept to a minimum is no criteria of 
satisfactory performance since an inspection service can 
literally "over-inspect". Over-inspecting can be equally as 
costly as its opposite, under-inspecting. However, the 
company operates under the principle that only through an 
independent final inspection function can the quality level 
leaving the plant be assured, 
The General Tire and Rubber Company approaches the 
final inspection problem from the opposite view, In this 
company final inspection and sorting is a production function, 
Their feeling is that physical sorting of the good from the 
bad, being a mechanical operation, rightfully is a production 
function with the quality control department responsible for 
a quality audit on a sample basis of the inspected product. 
The quality control department prepares quality standards 
for the products, including characteristics to be inspected 
or tested, acceptable quality level for each characteristic, 
inspection and test procedure to be used, the acceptance and 
rejection criteria, the disposition of rejected products, 
records and reports to be maintained and cost of scrap or 
rework at each inspection station, The inspection and testing 
sections of the production department, using this information, 
are responsible for measuring and inspecting materials and 
products against these established standards and issuing 
reports to quality control engineering, which analyzes the 
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data and whenever necessary coordinates corrective action 
among the responsible departments. The latest quality 
control techniques and statistical methods are provided 
for production by quality control engineering in order to 
reduce these inspection costs to a minimum value consistent 
with the established quality levels. 
Similarly, the B. F. Goodrich Company delegates 
the responsibility for final inspection to the production 
function, leaving the quality control section responsible for 
a quality audit on a sampling basis of the inspected product, 
The main reason for preferring this type of setup stems from 
the nature of their main product, rubber footwear. It has 
been found most expedient to combine in the final inspection 
line not only a packing operation, but also some finishing 
operations. For example, on rubber sneakers, four small 
eyelets for air penetration are made at the base above the 
sole on each side of the shoe. To make these breathing 
openings involves the placing of the sneaker over a machine 
which both punches the holes and affixes metal grommets to the 
fabric. The same people doing this operation also inspect 
and pack the product. Since a production function is involved 
here, the total operation is delegated to the responsibility 
of the production department. To have a separate inspection 
group from the finishing operators would add to total costs 
due to the necessity for double handling. Also the company 
feels that their system of quality audit of the inspected 
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product, done in their warehouse, has been sufficient to 
guarantee acceptable inspection performance by the production 
department. 
The Dayton Rubber Company handles final inspection 
in a similar manner to the Armstrong Cork Company with an 
important variation. They utilize a sample inspection plan 
for dimensional inspection and a 100% inspection for visual 
properties. Units are produced by the production department, 
sent to quality control's inspection force where they are 
inspected, identified as to size, either passed or rejected, 
labeled, boxed and sent to the warehouse. On some of their 
products very little inspection time is actually figured in 
the inspection line, but as material must be individually 
handled for labeling, stamping, etc., they feel that inspection 
can also be incorporated into the line without a large 
increase in cost. Unlike the Armstrong Cork Company, however, 
all rejected material is reviewed by general plant inspectors 
and defects noted with copies of their reports sent to 
production supervision. Borderline or submarginal material 
is rejected by final inspection and evaluated by these audit 
inspectors. In this manner effective control is maintained 
over the final inspection people and the most economical 
inspection achieved. It is interesting to note that the 
Quality Control Manager in this company is not in total 
agreement with the system used as outlined above. He feels 
and is working towards a separation of final inspection from 
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the quality control department on the theory that under 
the present setup the quality control department is check-
ing on its own efficiency when it controls final inspection, 
Therefore, some of their opinions and judgements will be 
biased the same as production's might be if they inspected 
their own performance. 
From the above examples we can see that the re-
sponsibility for final inspection will be dependent upon 
the product and the purpose or importance attached to the 
function. On one hand final inspection, even though combined 
in a sort and pack operation, is considered a function to be 
separated from the producing elements for maximum efficiency 
and quality assurance. While on the other hand it is con-
sidered a production function to be combined with other 
truly production operations and controlled by an independent 
quality audit under the quality control department. 
A high degree of independence on the part of the 
inspection function can affect efficiency favorably or 
unfavorably. Favorably because the inspectors may freely 
exercise their judgement of product conformity with an eye 
on the specification rather than on the production foreman. 
Unfavorably because the inspectors may use their organiza-
tional independence to play safe from a quality viewpoint, 
but with indifference to the cost of attaining that quality. 
Another element to be faced is that of production pressure, 
If the inspectors are subordinate to production foremen, 
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tie ups due to borderline quality may cause the production 
foremen to overrule the inspectors. This could result in a 
poor quality level since most production foremen are judged 
21 
more on quantity produced rather than quality. 
It is apparent that both approaches to the problem 
have their pros and cons. Most of the academic literature 
on the subject tends to support the placing of the responsi-
bility for final inspection in a separate department from the 
production function, namely the quality control department. 
Frederick w. Taylor, the "father of scientific management," 
saw a need for the inspection function and created an inspec-
tion foreman, along with other functional foremen such as, the 
speed boss, repair boss, etc. He felt that someone should 
attend to inspection and that so important a duty is best 
carried out independently and therefore, with ~uthority.22 
However, let us approach the problem from the 
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limited viewpoint of the rubber fabricating industry. Character-
istically rubber fabricating plants produce a wide variety of 
small products. The nature of rubber and the procedures 
necessary to produce its final products impart to it wider 
variations in both physical and dimensional properties than 
products made of materials such as wood or metal. Therefore, 
it has been found necessary to utilize a much greater degree 
of 100% inspection in this industry. This means that in 
many cases each individual part or product must be handled 
separately during final inspection. This, coupled with the 
general practice in many cases of stamping, packing and doing 
minor finishing operations such as trimming flash,* or applying 
adhesives to some product surfaces, tends to favor the combina-
tion of these production functions with the final inspection 
function on the same line. Since this would involve the 
addition of production tasks to the final inspection line, 
it is justifiable to place the supervision of the entire line 
under the production department's responsibility. This 
approach is further supported by acceptance of the proposi-
tion that the production department is ultimately responsible 
for producing quality products and that the sort and pack 
operation is merely another tool to enable them to carry out 
this responsibility. The successful experience of the two 
illustrative cases using this general approach will reassure 
the reader that a properly set up and independent quality 
audit of the inspected product can assure satisfactory quality 
levels. 
Consequently, we can relieve the quality control 
department of responsibility for the final inspection function 
while still keeping it responsible for outgoing material control 
through its quality audit of inspected product. Quality 
control engineering under this setup must supply the inspection 
function with statistically sound sampling plans and techniques 
and must evaluate the inspection data accumulated and 
*Excess rubber which protrudes from mold edges during vulcan-
ization. 
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disseminate pertinent information for appropriate action by 
the responsible departments. Quality control as a relatively 
new, but fastgrowing, tool of management offers a scientific 
and low cost method of discovering and correcting mechanical 
and human aberrations during the production process. However, 
final inspection cannot be eliminated, but when all steps 
from raw materials to finishing are kept in control, it is 
quick, simple and certain. 23 
Information Control 
We have defined information control as the analysis 
of quality control data and the proper and prompt dissemina-
tion of quality information to management for corrective 
action where necessary. It can be readily seen from the 
foregoing sections that quality control data will be gathered 
and be forthcoming from numerous points and departments within 
the operating organization. All of this information is vitally 
important to the effective control of quality and must be 
disseminated in a readily understandable format to the operat-
ing and staff personnel. It is obvious that this mass of 
data must be not only assembled in one place, but also 
analyzed and condensed in chart and report form prior to 
dissemination. This is a job best suited to statistical 
techniques and analysis. Statistical quality control is 
simply the application of statistical techniques to the 
quality control program. Statistical methods and sampling 
techniques are employed to answer such questions as the 
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following: 1. How large a sample should be taken? 2. How 
should the items in the sample chosen be selected from the 
lot? 3• When the number of defective items in the sample 
has been determined, how can the number of defective items 
in the entire lot be estimated? 4• What is the possible 
or probable percentage of error in the estimate of the total 
number of defective items? 5. Vfuat percentage of defective 
items in the sample is sufficient to justify the rejection of 
the entire lot? 6. How can the number of defective items in 
various samples or lots be charted or tabulated from one week 
or month to the next in order that unfavorable trends may be 
detected and the causes corrected? 24 Statistical techniques 
may be divided into three general categories: 1. Design and 
analysis of experiments. 2. Data processing or the collection 
and compilation of quality data, making computations as 
required and the issuance of records, charts and reports in 
most convenient form. 3• Data analysis or data evaluation. 25 
The rubber fabricating industry is a very fertile field for 
the use of statistical quality control methods because of the 
large number of raw materials, process and product variables 
and also the large number of unknowns. 
The very nature of statistical analysis techniques 
places the responsibility for it with quality control engineer-
ing. Of all of the advantages management can expect from 
quality control, the dissemination of quality data is 
probably the most obvious. The flow of information back to 
6o 
the shop must be in the simplest possible rorm ror easy, quick 
digestion. Quality control engineering is responsible ror dis-
seminating inrormation upward as well as laterally and to keep 
the Research organization continually advised on the status or 
quality and the need ror improved or new compounds. Manage-
ment must know how its product stacks up against competition 
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as well as against specirications. 
Since we have seen that the quality control depart-
ment must act as the coordinating center for the necessary 
quality control functions, regardless of which department 
actually performs the work, it is necessary and most advanta-
geous to place the function of information control within this 
department. It can be generally said that in the rubber fab-
ricating industry the runction of information control is 
usually the responsibility of the quality control department. 
Field Control 
We can conclude our discussion and analysis or the 
area dealing with the functional responsibilities of quality 
control by briefly mentioning the last area, field control. 
This control function deals with the analyzing or field 
performance reports and customer complaints. These reports 
and complaints can be divided into two groups, functional and 
dimensional. Functional reports and complaints, due to their 
association with the inherent physical properties of the 
rubber stock, are handled by the technical starr in this 
industry. Dimensional and visual reports and complaints on 
the other hand are generally handled either by the production 
61 
or quality control department depending upon which department 
is responsible for the final inspection function. 
However, it must be recognized that, regardless of 
the nature or origin of the reports and complaints, they must 
be analyzed in terms of the specification to which they were 
produced before appropriate action can be taken. Here again 
the quality control department, which is in possession of the 
inspection and quality specifications along with the in-
spection data pertaining to the product lot in question, 
is best equipped to coordinate the investigations required 
by the reports and complaints. The information supplied in 
these reports and complaints, along with data derived from 
any investigations made, is a part of the overall data 
pertaining to the quality control picture surrounding the 
part of product. Therefore, the responsibility for field 
control logically belongs to the quality control department. 
Summary and Conclusions 
In the preceding sections I have attempted to 
define and analyze the areas of functional responsibility 
associated with the quality control function and their proper 
assignment among the various plant departments. In addition 
the specific responsibilities in each area assignable to the 
quality control department have been explored and delineated. 
We have seen how the quality control department must play a 
part in the administration of each function, although in many 
cases the actual physical responsibility for performing the 
necessary work involved falls to other departments. 
The quality control department's role has been, as 
much as possible, defined as a coordinating responsibility 
with the routine work involved in each control function 
delegated to other departments. Throughout this entire 
analysis the quality control department's major responsibilities 
were outlined as being two-fold. First, to set up, using 
statistical methods and techniques, and to coordinate investi-
gative p·lans; and second, to analyze and reduce to under-
standable forms the data accumulated. In other words, we 
have delegated to the quality control department as little 
of the functional responsibility as possible, but the entire 
responsibility for the sparkplugging and coordination of the 
quality control program. We have relegated to the quality 
control department a position at the hub of a hypothetical 
wheel around whose rim are situated the various plant depart-
ments and functions. The spokes of the wheel represent 
channels for the flow and dissemination in both directions 
of quality control information. The quality control depart-
ment, acting as the hub, holds together as a unit the various 
control functions being carried out by the individual plant 
departments and is a coordinating force to bring to these 
various efforts the organization needed to render the quality 
control program a meaningful and useful tool of management. 
Figure 1. breaks down and presents in graphic form 
the areas of functional control and the departmental responsi-
bility assignments involved in a typical quality control program. 
Figure 1 -Table of Quality Functions and Responsibilities'.~ 
C = Coordinates 
W = Performs Work 
N = Must be Consulted 




Establish product requirements A 
Compare with plant capabilities A 
Product specifications W 
Development testing W 
Analysis of development test 
data W 
Classification of defects W 
Development of test methods W 
Corrective Action W 
Raw Material Control 
Material Specifications 
Vendor selection and control 
Vendor certification 
Inspection and test procedure 
Inspection and testing 
Analysis of Inspection and 
test results 
Acceptance or rejection of 
material 
Corrective Action 
Plant Capability Control 
Design of test and sampling 
plans 
Inspection and testing 
Analysis of Inspection and test 
results 




Standard practice instructions 
Pilot runs 
Location of inspection and 
test stations 
Inspection and test procedures 
Standard scrap allowances 


































































Analysis of inspection and 
test data 
Acceptance or rejection of 
in-process materials 
Disposition of rejected material 
Corrective Action 
Outgoing Product Control 
Final inspection and test 
procedures 
Final inspection and testing 
Quality Audit 
Analysis of inspection data 
Accept or reject final product 




Collection and analysis of data 
Reduction of data into usable 
form 
Dissemination of data 
Corrective Action 
Field Control 
Investigation of reports and 
complaints 
Inspection of returned product 
Adjustment for defective 
product 






















































*Modeled on similar table found in the Corporate Quality Control 
Policies and Procedures Manual of the General Tire and Rubber 
Company. 
VI. QUALITY CONTROL <. DEPARTMENTAL ORGANIZATION 
After delineating and assigning responsibility for 
the various functions associated with the quality control 
program and the part the quality control department should 
play in each, we shall now turn our attention to the quality 
control departmental organization necessary to carry out its 
responsibilities for the control of quality, However, before 
analyzing and attempting to set up what we consider to be the 
most advantageous departmental organization, let us look at 
some typical company approaches to this administrative problem 
as applied in the rubber fabricating industry. 
Case Illustrations 
Figure 2 on page 76 depicts the quality control 
departmental organization chart of the Armstrong Cork 
Company. This department is set up to administer its basic 
responsibility for in-process and final inspection. It should 
be noted that no provision has been made for a separate 
quality control engineering section. All statistical 
quality control, including the devising of sampling plans 
and analysis of inspection data, is the responsibility of 
the inspection general foremen. Each must perform this 
function, as far as he is able, and also administer his 
inspection group. Neither of these general foremen, however, 
are formally grounded by education in the techniques of 
statistical quality control engineering. 
The General Tire and Rubber Company has its 
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quality control department organized as shown in figure 3 
on page 76. 
Inspection, under a chief inspector, is responsible 
for administering the quality control inspection policies 
and procedures, the supervision of quality control inspection 
activities and accepts or rejects all materials, processes 
and products in accordance with the established quality 
control standards and procedures. It also maintains economic 
systems of inspection and makes improvements through the use 
of engineering and statistical methods in conjunction with 
the chief quality engineer. 
Control testing, under a quality laboratory super-
visor, is responsible for preparing, in cooperation with the 
chief quality engineer, detailed test procedures and methods 
for testing incoming materials, in-process materials and final 
products. It develops or coordinates the development of new 
test methods and equipment, supervises laboratory personnel 
engaged in the physical and chemical testing of incoming 
materials, in-process materials, final products and maintains 
adequate records of all testing activities. 
Quality engineering under a chief quality control 
engineer determines and prepares quality control and inspection 
procedures and standards for materials and for in-process and 
final products. This includes the location of inspection or 
tests, the statistical and sampling techniques, the test 
methods, equipment, records, actions to be taken, etc. The 
chief quality control engineer is also responsible for 
making special investigations of quality problems, costs or 
losses and reports, installs or coordinates corrective action 
and keeps advised of major quality problems. 
This organization depicts a line and staff type 
as opposed to the straight line type utilized by the Armstrong 
Cork Company. It carries the major advantage of separating 
the basic responsibilities of the department into staff 
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type sections thereby avoiding the overburdening of individuals. 
The B. F. Goodrich Company has a unique quality 
control organization in that it does not have a quality 
control department as such. All final and in-process 
inspection is carried out by the production department. 
Under the technical services department are found the develop-
ment laboratory, which is responsible for all raw material 
inspection and in-process physical property testing and 
control and a quality control engineering section. This 
latter group is responsible for the planning and coordination 
of quality functions such as quality audit, plant capability 
studies, order and specification control, statistical quality 
control services to inspection and test, and customer service. 
In this organizational setup, the manager of the technical 
services department in effect is also the quality control 
manager. It is questionable in the writer's mind whether an 
individual carrying both of these major responsibilities can 
do justice to the responsibility for the quality control function. 
These case illustrations point out some of the 
approaches being taken in the rubber fabricating industry 
in relation to departmental organization for quality control. 
Let us now analyze the quality control function in the light 
of the functional responsibilities discussed in the preceding 
chapters and attempt to outline the quality control organiza-
tion necessary to administer these responsibilities. We have 
seen that the quality control department is basically re-
sponsible for two major areas. One is the quality audit 
of both in-process and final inspected product and two is 
quality control engineering. To carry out these two basic 
responsibilities the quality control department must be 
effectively organized with specific area responsibility 
breakdowns and staffed with adequately educated and trained 
personnel. 
Quality Control Manager 
In the rubber fabricating industry the quality 
control manager can be an engineer or a chemist, who has had 
no formal training in statistics. However, it is to be 
emphasized that without this training he must hire a competent 
statistician because of the quality function's demand for a 
knowledge of 
and realistic 
statistics and because of demands 
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and significant conclusions. 
for analysis 
But foremost, 
he must be an able administrator capable of making firm 
decisions relating to quality in the face of unpopular 
sentiment from operating department personnel. Since he is 
charged with the overall responsibility for the plant's 
quality program, he must continually check for quality and 
where necessary demand quality improvement. 
Quality Control Personnel 
In experience, education, aptitude and attitude 
the man entering quality control work today is in fact not 
very different from the man entering other longer established 
major technical fields. He must possess or have the capacity 
to acquire the necessary product and process background, He 
must have the personal characteristics to work effectively in 
a dynamic atmosphere with people of diverse interests. He 
must possess the technical background which will enable him 
to acquire, if he does not already have it, a growing body of 
quality control knowledge. Finally, he needs the analytical 
ability 
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to use his knowledge in solving new and different 
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company who is familiar with its products and processes and 
can be easily taught modern quality control methods, or he 
can come in with the needed formal quality control knowledge 
and can easily learn the company characteristics. Either way 
it is essential that this man bear in mind that his purpose 
is to assist the plant management in achieving a quality 
product rather than to acquire personal credit for his ac-
tivities. He must also be able to develop good contacts, 
elicit cooperation, have a sense of humor and be able to 
talk the shop language. 29 
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One of the most formidable problems facing the 
quality control profession and management today is the in-
adequate supply of sufficiently trained and experienced 
personnel. Many companies have attempted to establish 
quality control organizations within their ranks and have 
subsequently learned, much to their sorrow, that the program 
was doomed from its beginning because of the lack of capable 
personnel. Furthermore, these companies met with little 
success upon searching the open market for talent.30 
The number of people engaged in the quality control 
function will vary widely from company to company depending 
upon individual product types and desired quality levels. 
This is especially true in the area of final inspection. 
However, some significance can be attached to the average 
relationships of control or inspection personnel to total 
plant personnel. A survey made by the writer of fifteen 
rubber fabricating companies showed the following relation-
ships to exist. Combining all fifteen companies the average 
percentage of control personnel to total workers was 1 1/3% 
and for final inspectors, 3 1/2%. By dividing these companies 
into single product producers and multiple product producers, 
the following is found: for single product producers the 
average percentage of control personnel was 1 1/2% and for 
final inspectors, 1 1/3%; for multiple product producers the 
average percentage of control personnel was 1 1/4%, while the 
final inspector figure rises to 4 1/4%. 
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We can see from the above figures that the average 
percentage of control personnel, that is those engaged in the 
areas associated with material and process control, does not 
vary significantly with product type, while the average per-
centage of final inspection personnel takes a sharp jump in 
the multiple product companies. This can be readily understood 
when we consider that regardless of the number and types of 
products involved a similar number of control personnel will be 
needed to perform the functions of raw material control, plant 
capability control, in-process control, etc. Only in the area 
of final inspection will the work load very significantly 
since a multi-product line generally will necessitate a greater 
amount of individual part inspection. It must be kept in 
mind, however, that these figures are averages and not ap-
plicable to any individual plant. They can, nevertheless, 
be used as guides against which actual conditions can be 
compared. In the final analysis the adequacy of the quality 
control force can only be measured in relation to the quality 
level being maintained, but sharp deviations from average per-
centages should be suspect and subject to investigation. 
Quality Audit Group 
The responsibilities of the quality audit group as 
previously outlined involve the inspection and control of in-
process material (on a sampling basis) being passed from one 
production department to another and the inspection and control 
(on a sampling basis) of the final inspected product. This 
group requires a supervisor who must have a thorough knowledge 
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of the use of customer specifications, inspection gauges 
and techniques and product quality level requirements. He 
must also be familiar with all defect classifications, in-
spection plans and procedures, acceptance and rejection 
limits and product use, He must be responsible for carry-
ing out the quality audit, acting as the final arbitrator 
in inspection disputes, interpreting customer specifications 
for final inspectors, collecting inspection data and other-
wise acting as liaison between final inspection and cus-
tomer requirements, This individual, relative to education, 
should be a high school graduate or its equivalent and if 
possible should have some college training and/or training 
in statistics and inspection methods, His staff, of course, 
will depend upon the size and type of plant involved, but 
will consist mainly of high school educated audit foremen 
and inspectors, The manager must report solely to the 
head of the quality control department and be completely 
free from any form of control or intimidation from plant 
operating departments. It is essential that he have the 
necessary freedom to pass judgement on the acceptance or 
rejection of material from an overall company quality level 
viewpoint. 
Quality Engineering Group 
The quality control engineering group, headed by 
a chief quality control engineer, is the core of the quality 
control department. This group should personify the 
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coordinating role assigned to the department. It should be 
charged with the responsibility for coordinating studies 
and investigations in the areas of functional control out-
lined in previous chapters. It must supply sampling plans, 
control charts, gauges, data on frequency of inspection 
checks, etc. to the departments actually carrying out the 
control functions of incoming and outgoing inspection, in-
process control and plant capability studies. This group 
must also assume responsibility for teaching the use of 
quality control procedures and techniques, the training of 
quality equipment operators and the investigation of new and 
improved quality equipment and procedures. Its most important 
responsibility, however, lies in statistical analysis and 
dissemination of quality control data accumulated from the 
various control functions. The accQmulation of quality 
data is useless unless it is centralized, intelligently 
catalogued, analyzed and expeditiously disseminated to 
responsible personnel for necessary action. Quality control 
engineering must be responsible for reporting to management 
on the precise nature of quality progress or the lack of it 
in the organization. 
Educationally, a quality control engineer should 
preferably have a degree or its equivalent in engineering or 
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a technical field with specific training in statistical quality 
control and data analysis. This type of formal education, 
however, is not sufficient for the position of chief quality 
control engineer, who must also be well grounded by working 
experience in the field of manufacturing involved. It is 
essential that he be thoroughly familiar with stocks, 
equipment and processes used if he is to effectively direct 
and coordinate the quality control program outlined for the 
plant. 
Summary and Conclusions 
The physical organization of the quality group is 
entirely dependent on the problems and peculiarities of the 
individual industry. Even where end products are similar, 
the systems of control may be entirely different due to the 
type of raw materials used, the type of machinery used in the 
manufacturing operation or the type of market supplied. I 
have attempted to assign responsibility for carrying out the 
various quality control functions to the departments most 
suited to perform each. In doing this I have delegated to 
the quality control department mainly the areas of co-
ordination and services to the quality efforts performed 
by the other plant departments. By so doing, I have simpli-
fied the internal departmental organization and employed a 
minimum number of personnel. The exact number, of course, 
will depend upon size and number of operations involved in 
the manufacturing process. Figure 4 on page 76 depicts an 
organization chart with listed responsibilities that would 
appear adequate to carry out these basic departmental re-
sponsibilities. 
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Fig. 2 Armstrong Cork Company, Braintree Plant; Quality 





Fig. 3 General Tire and Rubber Company; Partial Organiza-
tion Chart of the Quality Control Department. 
I Quality Control Manager! 
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quality audit Staff economic studies 
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accuracy of inspectors paperwork experiment design 
customer complaints miscellaneous sample plan design 
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salvage statistical methods 
test equipment main- training 
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Fig. 4 Quality Control Department Organization Plan. 
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VII, QUALITY CONTROL DEPARTMENT IN THE 
TOTAL PLANT ORGANIZATION 
The position of the quality control department in 
the total plant organization will determine not only its 
level of authority but also its ability to effectively 
coordinate. and direct the plant quality control program. 
\Vhere should the quality control department be placed in 
the larger structure of plant organization? There is no 
one answer, It depends upon the company's objectives, 
technology and philosophy of organization structure. A 
company's size and the type of its products will determine 
whether the quality control department will be a separate 
department or a subdepartment, 
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A survey made by the National Industrial Conference 
Board in 1949 showed at that time that out of 190 companies sur-
veyed, more than one-half had separate quality control de-
partments, while one-third had made quality control a sub-
division of some other department. Most of the remaining 
companies delegated the function to one individual in the 
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company, while a few had no quality control program at all. 
Compare this with the results of a survey of twenty companies 
in the rubber fabricating industry taken by the writer which 
showed that eighty percent had separate quality control 
departments, fifteen percent had quality control as a sub-
division of another department and only one company had no 
quality control group as such, It is significant to note 
that in no case was the quality control group subordinate 
to the production function. 
In general, there are three basic positions to 
which the quality control department can be relegated in the 
total plant organization. They are 1. as a separate and 
independent staff department reporting directly to top 
management, 2. as a subgroup of another staff department, 
and 3· directly responsible to the production function. 
Quality Control as a Subgroup of the Production Function 
The quality control group is rarely made responsible 
to the production function for it is almost universally 
accepted that the quality control group can be effective 
only if it is not under pressure from that phase of the 
business operation. It is difficult to find a production 
manager who can satisfy the requirements of meeting manufact-
uring schedules and of impartially approving rejection of 
defective materials and control procedures.32 The modern 
concept of quality control does not leave room for this 
alternative organizational setup. 
Quality Control as a Subgroup of Another Staff Function 
In many industries, particularly those engaged in 
highly technical or precision product manufacturing, quality 
control is a subordinate responsibility of the technical or 
engineering department. Although this setup is not the 
general case in the rubber fabricating industry, we can 
78 
point to case illustrations utilizing this type of organization. 
The B. F. Goodrich Company delegates the responsi-
bility for quality control to its technical department. See 
figure 5 on page 83. Although this company does not have an 
independent quality control department, it is their feeling 
that the manufacture of rubber products, being essentially a 
chemical process, can be most effectively controlled for 
quality by the technical function. The Manager of Technical 
Services is in effect the quality control manager under 
this setup, he is responsible for all work being done to 
control quality. Final inspection is not considered a true 
control function in this case. They also feel that to 
subordinate the quality control group to the production 
function would result in a subjective rather than an objective 
approach to quality control problema. 
Similarly, the Pawling Rubber Corporation places 
the quality control group under its engineering department. 
See Figure 6 on page 83. This company gives the following 
reasons for their organizational approach. 
1. If it was under production, the department that 
produces would, in effect, be inspecting its own 
work. 
2. Being a relatively small company, it would be too 
costly to set up an independent department with a 
qualified department head. 
3. As a custom shop, most of their parts are engineered 
on an individual customer basis, making engineering 
a logical choice for determining what is satisfactory 
and what is not, especially if their "standard" 
tolerances are exceeded. 
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It should be noted that this company's quality control 
function consists of essentially an inspection and test 
program. 
Although both of the above companies feel that 
their organization approach is a sound one under their 
particular circumstances, certain major disadvantages are 
apparent. Where the head of the department is responsible 
mainly for a plant function on other than quality control, 
such as engineering or technical services, the administration 
and direction of the quality control function is bound to 
suffer. It is to be expected that he will place his major 
interests and efforts towards the prime responsibility of 
his department. This type of organization also deprives the 
quality control group, as such, of the necessary direct 
authority to carry out effectively its assigned responsi-
bility. As an independent department head, however, this 
authority level could be assured. 
~uality Control as an Independent Staff Department 
The most widely used organizational setup for the 
quality control department in the rubber fabricating industry, 
is to give it the status of an independent staff department 
on a par with the other major plant functions. With this 
approach the quality control manager has equal rank with 
other department heads and particularly with the production 
manager. 
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An illustration of this approach can be found in 
the Armstrong Cork Company, See figure 7 on page 84. This 
organization gives the quality control manager equal status 
with the other major department heads and thereby, the 
necessary authority level to render his decisions on quality 
above the veto power of the production manager, It also 
places the responsibility for the quality control program 
in the hands of a department whose sole responsibility is 
the control of quality. 
Another illustration of this approach can be found 
in the organization of the General Tire and Rubber Company. 
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See figure 8 on page 84. Here again we see that the quality 
control department is given equal status with the other depart-
ments. It is this company's feeling that the quality control 
function should report as high es possible to be most effective. 
However, it is conceded by their quality control engineer that 
in many cases where management does not consider this function 
to be of the same relative importance as other ple.nt functions, 
it should be subordinate to the department where it can do the 
most good, For example, in a chemical company it could be 
expected to be under the technical department, while in an 
electronics company it could be under engineering, 
Summary and Conclusions 
Any individual company will place its quality 
control department at a level commensurate with its managements' 
degree of appreciation for the efficacy of this plant function, 
Quality control, however, cannot be considered to be a cure-
all management tool, but rather a comprehensive program 
jointly administered and guided by the various plant depart-
menta. A well planned program covers all operations from 
product design to final inspection. To carry out such an 
extensive program it is necessary to give the quality control 
group substantial authority. Top management must recognize 
that the many individual responsibilities for quality will 
be exercised most effectively when they are buttressed and 
serviced by a well organized, genuinely modern management 
function, whose only area of specialization is product quality 
and whose only area of operation is in the quality control 
job.33 The quality control group should report to a level 
high enough to insure that its hands will not be tied in its 
efforts to do effective work. It must be able to bring about 
changes where needed. It must be able to attack any source 
of poor quality and bring about improved conditions. 
In general, the quality control group should be on 
the same level as the other basic departments involved in the 
general organization of a manufacturing concern. Organization-
wise, quality control is managements• tool for delegating 
authority and responsibility for product quality, thus 
relieving itself of unnecessary detail, yet retaining for 
itself the means of assuring that quality results will be 
satisfactory. The type of organization to implement this 
program requires quality control to be a staff group reporting 
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VIII. FUTURE OUTLOOK 
Customers have increased their quality demands 
markedly in recent years. This tendency will increase in 
years to come because of the continued technological ad-
vances, the increase in quality consciousness on the part 
of the customer, and the intense competition that appears 
inevitable. This increased customer demand for higher 
quality products has increased inspection and testing costs 
as well as defective product and scrap losses. In the long 
run the success of any business enterprise will depend upon 
the quality of service rendered and the quality of the product 
offered. American industry has always been aware of the qual-
ity problem, but it is certain that the future will make this 
subject increasingly important. 
Industry Trends 
In the rubber fabricating industry as in other in-
dustries, there will be an increasing trend to "buy brand". 
Customers will seek the proven performer even if he sells at 
a somewhat higher price. Less and less business will go to 
the unproven producer even though his prices may be lower. 
Competition can be expected to continue to grow in severity 
in this industry as the small or marginal producer with his 
inherent inefficiencies is slowly eliminated or absorbed by 
the larger companies. The future trend is towards the large 
company complex. This generally means more quality in product 
due to the increased facilities, personnel and general knowhow 
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available to these larger companies. There is also a trend 
towards more complexity in product design which means in-
creased costs due to defects end scrap losses. The quality 
conscious company with an effective quality assurance pro-
gram will have a decided market advantage. Customers will 
continue to demand tighter and tighter product specifications 
and tolerances in rubber products, thus making the control 
of product quality an ever increasing demand. 
Although currently in the rubber fabricating in-
dustry automation is not widespread, we cs.n expect it to be-
come an increasing factor in coming years. Automation will 
mean more quality problems. It will require far better pro-
cedures for determining the quality capabilities of new 
products prior to production, not after mountains of rejects 
have piled up. It will require tighter controls over in-
coming material and in-process quality since equipment and 
operation costs will demand continuous operation. Shut-
downs due to faulty materials or out of tolerance semi-
processes goods will be prohibitively costly. It will re-
quire the creation anc use of a far higher level of quality 
control technology. In fact, unless quality control is 
made to work, there will be no automatic production. Down 
time will see to that. Therefore, it will require emphasis 
on quality control engineering and process control techniques 
to an ever increasing extent. 
Automation will bring with it the feedback control 
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device. Theoretically, this type of device should eliminate 
the need for in-process inspection and control, since all de-
fective work turned out by a machine or system will be auto-
matically detected and the system will correct itself. This 
will be true to a great extent, but it must be kept in mind 
that it will also necessitate a higher skill in quality con-
trol application to program and check this equipment to assure 
satisfactory quality output. 
The future will also see an increased need for 
facilities and efforts directed towards the development of 
advanced types of equipment for inspection and testing. X-ray 
equipment will find wider use in checking rubber products for 
internal defects such as air traps, blisters, imbedded metal 
and impurities. Increased use will be me.de of equipment such 
as the Beta-ray for automatically checking gauge and density 
of materials. New types of electronic equipment will continue 
to be developed to aid in the evaluation of all types of 
physical properties such as gauge, density, color variation, 
dimensions, etc. of the finished rubber product. 
IBM equipment will find increasing use in the future 
in the areas of order control and process capability. It will 
be a great asset in setting up statistically sound testing and 
evaluation patterns. It will also be useful in screening in-
coming orders for adherence to tolerance and process limits. 
This equipment will also prove invaluable in the area of tab-
ulation and analysis of quality and inspection data. This will 
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result in more prompt dissemination of valuable information 
which can effectively lead to desired action to correct 
problem conditions. The role that IBM type equipment will 
play in the field of quality control will be virtually un-
limited in the future. 
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As in all industry, the future will see a vast in-
crease in the development and use of electronic control equip-
ment in the rubber fabricating industry. Although this will 
result in a physical decrease in the ratio of quality control 
personnel needed to engage in the routine functions of checking, 
testing and inspection, it will also aggravate the need for 
more sophisticated personnel and techniques for setting up, 
checking and analyzing the output of these devices. The in-
crease in the use of mechanical methods of inspection and con-
trol in place of individual human efforts in these areas, how-
ever, will not in the future reduce the number of people en-
gaged in the quality control effort. It will merely shift the 
emphasis from the need for bench control personnel to engineer-
ing level personnel capable of evaluating and controlling these 
complicated systems. It is apparent that the role of quality 
control in future industry must continue to grow in prominence 
in order to maintain quality at a level commensurate with the 
costs of higher wages, material and more sophisticated and com-
plex equipment. 
Timing of Management Decisions 
It is imperative that top management in the rubber 
fabricating industry, as in other industries, develop a 
quality control consciousness now. The time to decide for 
effective quality control is, now; tomorrow may be too late! 
Labor and material costs are increasing proportionately at 
a rapid rate, making scrap and reject losses more and more 
critical to profitability. The increase in customer desire 
for quality products, the increasing automation trend, the 
ever increasing complexity and interchangeability of parts 
in modern products, all demand more effective control of 
quality in today 1 s industry. In tomorrow's industry the 
need will be compounded. Therefore, only by establishing 
an effective quality control program today can a company be 
adequately prepared to meet tomorrow's quality demands. 
These factors are further reinforced by the ever 
growing present and future competition from cheaper foreign 
goods. To maintain and increase its markets against this 
foreign competition, American industry must reduce costs and 
improve quality. For only better quality will induce customers 
to accept the higher pricea of American goods. What better way 
then is there to accomplish this end than through more efficent 
and effective quality control programs? 
IX. SillllMARY AND CONCLUSIONS 
Modern industry based upon mass production methods 
has continually sought a system of quality control which is 
rapid, economical e.nd capable of maintaining reasoneble 
standards of perfection. ~.lanufacturers are seeking the 
underlying causes of variation in the finished products and 
in raw materials obtained from existing production methods. 
They wish to uncover undesireable conditions which can be 
controlled or eliminated so that better quality may be econom-
ically maintained. 
If a company is to maintain and improve its com-
petitive position, it must make improvements in its present 
quality control practices and at the same time make substantial 
reductions in its quality costs and losses. This can be ac-
complished only by having a sound up-to-date quality control 
program aimed at the prevention rather than the detection of 
defects. The importance of quality mindedness must be in-
stilled in management and workers, both production and staff. 
The need for an effective quality control program 
in the rubber fabricating industry has been demonstrated in 
the preceding chapters. We have seen that rubber fabrication 
due to the nature of its raw materials and involved processes 
demands a sound quality control program to be effective. The 
areas where adequate controls are needed have been isolated 
and examined and the best approach to the solution of the 
quality control problem advanced. 
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The importance of the quality problem must be 
thoroughly appreciated by top management. But the attitude 
of top management is not enough unless the necessary organ-
izational mechanism is devised to put the ideas into action. 
In this paper I have attempted to outline an acceptable 
organizational approach to establish, direct and control an 
effective quality control program adaptable to the rubber 
fabricating industry. Although it has been emphasized that 
each company must define its own quality program and organ-
ization, dependent upon its particular· characteristics, it 
is hoped that the general approach presented in this paper 
can act as a springboard for the development of a quality 
control program suitable to any individual company require-
ments. 
The quality control program cannot and must not be 
denied its important role in the industrial organization if 
modern industry is to remain competitive and profitable. 
More important, however, it must be planned, organized and 
administered so as to become an effective working tool of 
management; for lacking effective implementation, it be-
comes a source of added costs rather than a source of real 
cost savings and quality improvement. 
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ADDENDUM 
The following are suggested formats representing 
typical reports that the quality control department should 
submit to top management and operating departments. Through 
these types of reports plant management at all levels will 
continually be aware of the quality level of the plant. 
Other departments, of course, will also issue pertinent re-
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